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Introduction 

ÅData-parallel, custom ISA extension to RISC-V with a configurable 
ASIC-focused implementation 

ÅDeveloped to research energy-efficient implementation of vector 
architecture 

ÅSeveral versions over the years with this the most recent being V4 

ÅRocket-chip based accelerator with binutils, llvm-backend, FireSim, 
and ASIC VLSI support 

ÅOpen-sourced now! 
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Key Ideas in Vector Architectures 

ÅRuntime-variable vector length register 
ÅCompact, portable code 

ÅHardware implementation scalability 

ÅReasonable encoding space usage 

ÅLong vectors with temporal and spatial execution 

ÅScalar-vector computation 

ÅConfigurable register file 
ÅTrade architectural registers for longer vector lengths 
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Hwacha Key Ideas  

ÅGoal: Maximize efficiency of in-order vector microarchitecture 

ÅAccess/execute decoupling  

ÅPrecision-reconfigurable vector RF to increase vector lengths 

ÅPredication and consensual branches to enable control flow 

ÅMixed scalar-vector computation 

ÅMixed-precision registers and datapaths 

ÅOS support with unified virtual memory and restartable exceptions 
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Hwacha Architecture Overview 

ÅConfigurable vector data and 
predicate register files 

ÅFixed number of address and scalar 
registers 

ÅUnit-stride, constant-stride, 
indexed load/stores 

ÅFull set of half, single, double FP, 
integer, and predicate operations 
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Vector Fetch Programming model 

ÅSeparate vector instructions from scalar control thread 

ÅVector-fetch instruction, vf , sends address from control thread to 
vector unit 

ÅVector unit fetches and decodes separate instruction stream 

ÅControl processor runs ahead enqueuing more work, hiding latency 
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Hwacha Vector-Fetch Architectural Paradigm 
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a0: n, a1: a,  

a2: *x, a3: *y  

 

  vmcs vs0, a1  

stripmine :  

  vsetvl  t0, a0  

  vmca va0, a2  

  vmca va1, a3  

  vf  saxpy  

  slli  t1, t0, 2  

  add  a2, a2, t1  

  add  a3, a3, t1  

  sub a0, a0, t0  

  bnez  a0, stripmine   

saxpy :  

  vlw  vv0, va0  

  vlw  vv1, va1  

  vfma.svv  vv1, vs0, vv0, vv1  

  vsw vv1, va1  

  vstop  

Control Thread 

Worker Thread 
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for (i=0; i<n; i++) {  

  y[i] = a*x[i] + y[i];  

}  
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Decoupling 
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ÅExploit regularity of constant-stride vector memory 
accesses for aggressive yet accurate prefetching 

ÅExtensive decoupling in microarchitecture to 
tolerate latency and resolve memory references as 
early as possible 



Decoupling 

Before stripmine loop, control thread pushes 
scalar register write to VXU command queue 
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Decoupling 

Vector length updates, address register 
writes, and vector fetch commands pushed 
to both queues for each stripmine iteration 
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Decoupling 

VRU prefetches instructions and pre-
executes vector loads, refilling L2 cache 
ahead of VMU access 

20 



Decoupling 

VMU moves data from L2 cache into 
vector register file when eventually 
needed; overlaps with VXU computation 
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Decoupling 

Control processor runs ahead of vector 
unit to next iteration 
ÅPerforms address computations 

ÅPushes next vector fetch command 
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Decoupling 

VRU prefetches next iteration while 
VXU remains busy with previous one 
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Reconfigurable Vector Register File 
ÅSoftware specifies number of vector data and predicate registers 

ÅHardware dynamically remaps elements to physical storage 

vsetcfg  4 
vlen  = 2 

vsetcfg  2 
vlen  = 4 

Å Maximum hardware vector 
length automatically extends 
to fill available capacity 

Å Exchange unused architectural 
registers for longer hardware 
vectors 
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Mixed-Precision Support 
ÅConfigurable element widths for individual vector registers 

ÅSubword register packing and alignment of mixed-precision operands 
are managed by hardware ς software remains fully oblivious 
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vsetcfg  1, 1  
vlen  = 5 



Vector Lane Organization 

ÅCompact register file of four 1R/1W 
SRAM banks 
ÅPer-bank integer ALU/PLU 
ÅTwo independently scheduled FMA 

clusters 
ÅTotal of four double-precision FMAs 

per cycle 

ÅPipelined integer multiplier 
ÅVariable-latency decoupled 

functional units 
ÅInteger divide 
ÅFloating-point divide with square root 
ÅReduction 
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